. Relationship among technology node, numerical aperture (NA), and process factor (k 1 )
System configuration
The virtual lithography evaluation system (VLES) proposed consists of an EUV open-frame exposure system, a resist development analyzer, and a lithography simulator. Fig. 1 is a schematic diagram of the VLES. 
EUV open-frame exposure system (EUVES-7000)
This equipment uses an electrodeless Z-pinch discharge-excitation plasma light source [9] manufactured by Energetiq Technology Inc. It extracts 13.5 nm light using a Zr filter and multilayer reflecting mirrors. The exposure pattern is a 10 mm x 10 mm open frame; 12 exposures can be achieved per wafer at varying exposure doses. Fig. 3 gives an external view of this equipment and a picture of an exposure pattern (after exposure, PEB, and development). The plasma emissions produced by the EQ-10M pass through the Zr filter to remove UVregion rays. Next, the Mo-Si multilayer reflector selectively reflects only 13.5 nm rays, which are shaped by the aperture into a 10 mm x 10 mm exposure region. The rotary Mo-Si multilayer reflector directs the light at a reflection angle of 45 degrees toward the exposure chamber at the upper section of the equipment during the exposure of a substrate. For power measurements, it rotates and directs the light to the power measurement diode chamber at the lower section of the equipment. Exposures are performed as the wafer rotates. A total of 12 exposures are possible per wafer at varying exposure doses. 
Resist development analyzer (RDA-800EUV)
Following the exposure, a wafer is processed for PEB. Then, following measurement of film thickness, this resist development analyzer is used to measure the development rate of a resist corresponding to each exposure dose [10] .
EUV lithography simulator (Prolith Ver. 9.3)
The obtained development rate data file is imported into the Prolith lithography simulator [11] (manufactured by KLA-Tencor) for EUV lithography simulation.
Experiment and results
We investigated the sensitivity of positive-and negative-type resists in EUV exposures with the system as described above, then performed simulations using the development rate data obtained. Table 2 gives the conditions of the resists in our experiment. The negative-type resists examined were the SAL-601 electron beam resist and SU-8 epoxyresin-base chemically amplified resist. The positive-type resists used in our experiment were ZEP-520 non-chemically amplified electron beam resist, EUVR-1 and EUVR-2 acrylic-resinbase resists, and EUVR-3 low-molecular-weight resist. Table 2 . Conditions of resists in the experiment 
Simulation
We performed a simulation using the EUV-PM2 development data. Table 4 gives the simulation conditions.
Wavelength (nm) 13.5 
Conclusion
The VLES consists of the EUVES-7000 EUV open-frame exposure system, RDA-800EUV development rate analyzer, and Prolith lithography simulator. We used the VLES to compare the sensitivity and development contrast of negative-and positive-type resists with EUV exposure. We also simulated EUV exposures using development rate data for the EUVR-2, which showed the highest development contrast of all resists tested. The results of the experiment suggest that it should be possible to obtain resolutions of 32 nm with L&S patterns and 22 nm with isolated patterns. We also calculated defocus characteristics with a 32 nm L&S pattern. Based on these calculations, we estimate a focus margin of approximately 0.2 μm in defocus width. We believe using the system as described in this paper will permit the development of photoresist materials for EUV and expedite process development without requiring the purchase of costly EUV exposure equipment. Fig.10 shows the exposure equipment used in our parameter measurements. The exposure area is an open-frame pattern measuring 10 mm x 10 mm. We used a UVES-2000 for KrF exposures and an EUVES-7000 [14] for EUV exposures. 
Simulating EUV Resists (Comparison of KrF and EUV Exposures)

Simulation parameter measurement system 2.2.1 Exposure equipment for parameter measurement
Development parameter measurement system
We used a development analyzer to measure development parameters. When homogeneous light is irradiated onto a resist film during development, the light waves reflected from the resist surface and light waves reflected from the wafer surface interfere, generating unique waveforms. Analyzing the waveforms of the reflected light allows us to obtain resist development rates. By varying exposure values and measuring resist development rates at different exposures, we can calculate the development parameter, among the simulation parameters [15] . This measurement has been performed before using a monitor wavelength of 470 nm. However, thin films do not generate the interference needed, and a monitor wavelength of 470 nm limits us to resist film thicknesses exceeding 100 nm. Since the film thickness of EUV resists ranges from approximately 50 to 100 nm, we developed a measurement system for our experiments based on a monitor wavelength of 265 nm (Fig.11) . 
B parameter measurement system
We used the following equation to calculate the B parameter [16] [17] of Dill based the resist transmission factor at the time overexposure completely breaks down the PAG.
()
Here, d is resist film thickness and T ∞ the resist transmission factor at the time overexposure completely breaks down the PAG. We developed a system for measuring the resin transmission factor using EUV light. Incorporating a LPP light manufactured by Toyota Macs as its light source and using a solid Cu target, this system irradiates EUV light onto a Si/Mo multilayer reflecting mirror to measure reflection intensity, while mirror angles are varied. To calculate the spectral transmission factor, we used the difference in reflectance between the case in which resist is applied to the multilayer mirror and the case in which no resist is applied. Fig.12 illustrates the measurement system and gives a chart of the results of spectral transmission factor calculations for the MET resist. Fig. 12 . B parameter measurement system using EUV exposure Fig.13 gives an overview of the PEB parameter measurement system, which exposes resist on an Si wafer using KrF and EUV light. In the next step, we used an FT-IR system with a bake function to plot the de-protection reaction curve while performing PEB. We performed measurements at different PEB temperatures and measured the de-protection reaction parameter by fitting. During the course of fitting, we also obtained the C parameter for Dill. We modified the system [18] to allow irradiation of IR light for measurements on resist film at an angle of 45 degrees and to permit use with a resist film thickness of 50 nm. The resulting system was capable of handling extra-thin resist films ranging from 50 to 100 nm. 
De-protection reaction parameter and C parameter measurement system
Parameter measurement results
We measured parameters using EUV chemically amplified resists MET-1K and MET-2D manufactured by Rohm and Haas. Table 5 gives the process conditions. Fig.15 compares measurements of the discrimination curve (a logarithmic plot of development rates and exposure values) development parameter. We found no significant differences between development parameter values obtained with KrF and EUV exposures.
Development parameter measurement results
www.intechopen.com Table 6 is a list of simulation parameter measurement results. Table 6 . Simulation parameter measurement results
Examination of simulation
We performed EUVL simulations using the simulation parameters obtained. Table 7 gives the simulation conditions used. Table 7 . Simulation conditions www.intechopen.com
Advances in Unconventional Lithography
For exposure equipment, our simulation assumed use of the Nikon EUV-1 installed at Selete [19] . Fig.17 shows the simulation results. The indicated exposure value is the exposure level (E 0 ) that achieved 1:1 resolution from a 28-nm L&S pattern. The development conditions called for 2.38% TMAH and development time of 60 seconds. The quencher diffusion length and PAG diffusion length were set to 20 nm and 10 nm, respectively. 
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We compared the results of EUVL simulations based on parameters obtained with KrF exposures to the results of EUVL simulations based on parameters obtained with EUV exposures. While the former simulation results indicated higher sensitivity (approximately 20% higher), we saw no major differences in shape.
Conclusion
We compared the results of EUVL simulations based on parameters obtained with KrF exposures to the results of EUVL simulations based on parameters obtained with EUV exposures. The former resulted in approximately 20% higher simulation sensitivity, but we saw no major differences in shape. Using parameters obtained with KrF exposure is a roundabout way to perform EUVL simulations. Since EUV exposures in many cases are not readily available, a valid option would appear to be to acquire simulation parameters through KrF exposures and to use these parameters as initial values in calculations for EUVL simulations.
